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ABSTRACT 

Solid propellanti have Ken used as sources of high-pressure 
gases for cooparatlvely short periods of tine for running turbines, 
starting turbo-machines, atomizing liquids, operating pneumatic power 
tools and, more recently. Inflating life rafts, balloons, and collaps- 
ible wing structures«    One of the major problems encountered In In- 
flatable devices has been the degradatlve effect of high-temperature 
propellent gas on materials, resulting In rupture and/or burning of 
fabric structures«    This problem has been eliminated through the use 
of a packed-bed chemical heat exchsnger, thereby reducing effluent 
gas temperature to an acceptable level. 

A method Is described for producing rapid and efficient cooling 
by this technique, such that the temperature of the cooled gases is 
essentially Independent of both flame temperature and ambient temper- 
ature.    The method Involves passing the high-temperature gas through 
bulk arrangements of chemicals which decompose endothermlcally and 
produce further gases that mix with the propellent gases.   The re- 
sultant mixture has Increased mass and a greatly reduced temperature. 

Advances in chemical coolant-heat exchanger technology as related 
to propellent ges-generating systems are described.    In particular, 
design data for specific propellant-coolant systems are discussed, 
with emphasis on their use for Inflatable devices. 
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INTBDDÜCTBJN 

It hau long been apparent that cases formed from the combustion 
of solid propollants vould offer a convenient means for Jjiflating 
aircraft flotation bags, life raftp, collapsible etructijrec and 
supports, vsathfsr balloons and the like.    Hove vor, the high tenpera^ 
tares of I^JJCS so formed result in thermal eroaion of hoses1 mbter 
valve BatorlelB, end fabric ualls, causing eventual rupture and/or 
conibustlon of the inflatable dovlcs«   There ha^e been several 
approaches to the basic problem of reducing the propellent gis 
toqperctureo    All such approacnes provldo a heat sink to accumulate 
thsrmal ^nez^y from the hi^her^torcperature propellent gases.   These 
approaches differ chiefiy by the ease of vhich heat twmsfer is acconi 
pliahodo 

Sovural invect5g«tors have passed propellant coribustion pro- 
ducts through a bed of inert metallic particleso    Total beat 
transferred is limited here* houevor, to the sensible heat ab- 
sorbed bv the bodo 

(1)« Sutter, etr.alo, used the primary propellant gas in sc 
ejector to entrain a secondary stream of anibient air, such that 
dor.mstream mixing would provide a relatively lowei tenperature 
gas mix'  ie of increased iQass(see sketch. Figure 1)«   The mass 
ratio of aecondary to primary gas approaches zero, however, for 
demstrsam pressures touch greater than 6 pslf •    Furthermore, 
ojoctors open to the ambient environment could not be used where 
there was danger of Katar or other liquids being entrained by the 
primary gas straauu 

(2) In a classic letter patent,       Maurice and Tavemler disclosed 
a mathod whereby the hi^H->tei^erature product gases pass through 
ft packed, solid chemical bed»   The nature of the chemical is such 
that it undergoes a chemical reaction, producing still further 
gaces that mix with the combustion gases.    The result is ft gaoaous 
mixturo cf increased mass and considerably lower tenperature than 
that of the original propellant combustion gases»   Outlet gas 
ton^peraturos as low so lltCPF have been reported, using this nathode 
Figure 2 is a sketch of such a System^ as used to determine the 
feasibility of operating a standard pneumatic grinder«   This 
grinder operated for 60 seconds, remaining cool at a generator 
pressure of 500 psi,       mmmm^mm^m^mmim^mmdmmmmmmmmmmmmmmmmi 

* Nuiriboro in brackets refer to references at the end of this paper 
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THE CHEMICAL HEIT EXCHANCE F.DCESS 

The prooess by vhich high ten^orature propellant gas exchanges 
thermal energy with oolld chemicÄla Is exeropltfied by Figure 3-» 

direction of energy transfer 

.tamp, profile 

Exit 
Oas, 
r.-AT 

Platelet 

Figure 3. Thorraal Boundary Layer along a Coolant Platelet 

The sketch here shows a gas stream flowing by a chemical "coolant" 
crystal having a platelet fom, with a flow direction that is one- 
dimensional«    Energy is transferred from the gas to the coolant platelet 
through a thermal boundary layer« across which a tenperatore profile 
has been established»    The gas terperature at the surface;, T^, is slightly 
greater than the doconposition temperature of the coolant9 T^ while the 
boundary temporaturo, T^, is equal to that of the bulk stream.    The 
avaroga gas temperature of the gaa mixture leaving the boundary layer is 
differentially less than tho incoming gas bulk temperature«.   Thia 
difference is an indication of the rate of energy being transferred      ,  , 
to the platelet.   According to Schliohting's solution of this problem,u; 

the heat transfer coefficient, h, across a laminar thermal boundary 
layer for a flat plate (assuming no nass transfer) can be obtained from 
the relation 

-1/2 No s 0.661» (Pr)1/3(a») (1) 

where     Nu s Nusselt Number ■-■ hl/k 
Pr s Prandtl Number » C Vk 
Ds o Haynolds Number » p V^Lf/u 
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CHEKI CAL LANT 

ch adoal ooolante and · eir p p 
t dothemical reao•in& mixt 

, is Ulustra ted by the anbyd 
1 dec mpo es b1' the ction* 

es are tabulated 
s ma;y be coo-

us copper suU'ate... 

cuso + JO,Soo Calo · ... eus + 2So2 

Th18 t on ulte in two moles of ae tor ewl7 30 1Uocalor1• of 
heat orbed, o 0. 001 lea gas/Kcal 

Table I . Coolant PropertJ.e• 

ti.'li ater 
A 1\.U'J Hydrosultid 
Sulfur/Cop r Sulfate 

9.45 
13 8 
2 0 

14 .. 1 
3.2 

sta. Cubli) teet 
p r Lb. Coolant 

1)60, 
uo<T 
2120, 
212'? -tNiiilt!ona 

Tenperature 

16 Jtcal 
38 kal 
9.11cal 

2) leal 
lO.SI-.1 

ltilir TIW18itiOD 
or Rlact1ao IM1'17 

em Modem Ppo cbnica, e&Ja. M . &., lw I-rk, p. 17) (U61) 
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